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Let  images  suivantes  ont  6tk  reproduites  avec  le 
plus  grand  soin,  compte  tenu  de  la  condition  at 
da  la  naneti  de  raxemplaire  filme.  at  en 
conformite  evec  les  conditiona  du  contrat  de 
fiimage. 

Lea  axemplairea  originaux  dont  la  couverture  an 
pepier  est  imprimee  aont  filmis  en  commenqant 
par  le  premier  plat  at  en  terminant  soit  par  la 
derniAre  page  qui  comporie  une  empreinte 
d'impression  ou  d'iltustration.  soit  par  le  second 
plat,  selon  la  cas.  Toua  les  autres  axemplairas 
originaux  sent  filmte  en  commencant  par  la 
premiere  pege  qui  comporte  une  emprainte 
d'impreasion  ou  d'illustration  at  an  terminant  par 
la  derniire  page  qui  compone  une  telle 
empreinte. 

Un  des  symboles  suivants  apparaitra  sur  la 
derni^re  image  de  cheque  microfiche,  selon  la 
caa:  le  symboie  — »>  signifie  "A  SUIVRE".  le 
symbole  V  signifie  "FIN". 

Les  cartas,  planches,  tableaux,  etc..  peuvent  atre 
filmes  A  des  taux  de  reduction  differents. 
Lorsque  le  document  est  trop  grand  pour  etra 
reproduit  en  un  seul  cliche,  il  est  fiime  i  partir 
de  Tangle  supArieur  gauche,  de  gauche  <k  droite, 
at  de  haut  en  bas,  en  prenant  le  nombre 
d'imegea  necessaira.  Les  diagrammes  suivants 
illustrent  le  methode. 
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1  'iiif  iilli'iUhri  !.y  ■I'.v/'i'i  7/ /;//\  (■((■/■■.  h'  ///■■  iini- 
tiuils  i-i  'Ins  hii'clivi-,-.  uhuh  is  i<sii,-i!  i^n  llh-  /'//(/'.■.vi- 
I'/'  iih'r'hliuin^^:  In  _V"/<'  llii'  "  S\M,'ni  c/  (  i'//i/r/.'  i  './'- 
;,  iirL-  t  )'iislniitii<n. 

/  /,  r     ,'7i//'(     li\ll!ii,.',    Si'ii.Jl!    fi'i     ry    III,'    .■>■/;/,■/     /// 
tislail^     ill,'    /',./•//(      /.      ililop!     ihls     llti-llh'l    ,'il     III,-    t.nis 
Iriiiliii::    ,•/    liyih;iiilh-    ;,i'iLs.      v   pi'i'llhlih  in' y   ,  ."iihi  lu'tl 

/  //('.Vc'  lt\\!iiii\\  i!i,  ill,-  (■/;/,'/  iilhinnii,'!l.\  slti,  ,-ii 
iifli-r  ly  ,ill  :Jh>  /;,/;,■  .w/^^ /<■,/  ///(•  in,<n,'.  "I., -I  n.\ 
miilrr  '/;;/;^.\  j^ciiihiiunl  hy  imp     :  i-iii,i;l  ,ir  ollirr:,is,' 

1/       Slllll      ,:lil      !',•      lIciW      Uilll      ,\I'II,IUI\. 

I  Ins  l>r,uliiii\-  IS  II, il  iiil,-ii,l,-,l  j,>r  ,1,1 ;  iTl isiii ^, 
/t.»  ih't's  ii  riirttili;  ,niy  nuillri  i^-huli  p,'il,!iii.\  In  ili,- 
scu-iii,-  ,1/   ,-ii'^iii,  iTiii ^.  but   il   IS  sul'inill,ul  ,<nl\  ,i.\  ,ni 

chliUhlllnll     ,<l     111,-    syslilll     nil, I    Si'lll,-    !/(/,■  /('(■    tl.\     In     'II,' 

iiu'llh'iis  1,1  he  i'nip!i'\,',l. 

II  ,i/lt'i  r,;i,liii^  III,-  iii,ill,-r  ,>  -i-  ,-,ir,-i  nU y,  \-,,ii 
I'liiil  ,iiiy  s,-riinis  nh icciunis  In  III,-  pr,i,-l i,-.il  ,ippiu-,ili,>ii 
('/  llns  sysli-in.  ,iii  III,-  wniks  li,-r,-in  iiuiili,iii,-(l .  lli,- 
ivi-il.T  \niihl  he  Ihippy  I,'  h,-  iiifnnn,;!.  //"  ,<;/  ///,•  nlli,-r 
Ihiiid  'III-  hi:  rill i, III  iii,;-ls  Willi  your  ,'iilir,-  ,ipl>inrul 
nil  i-ihlnrsciii,-iil  is  r,'sp,\-lfiilly  ,isl\',l  j,n-. 

I  IxplH-     llhll     III,-     illlr,,,lllCll,ni     nj      III,-     ■    SYSl.-lll   " 

.\'///  h,'  ,;,■(■,•/>/,-,/  uilh  pnpiiliir  ftirniir  h\  lluisc  in  ti  p,i- 
silinii  !,<  luil-c  (Il  ils  iiicnis.  niul  tluil'ii  :,-il!  /,,-  „///-/. 
/>;;/(•(/  ,',!  //;;•  liiiiiihh-  cll'oils  nf  llic  :-'ritcr  in  pnniinlin^ 
f<cniinii,-inc  niul  ■•'■niuniix  in  one  class  of  cii^inccriii' 

/ //.'  ionU-nts  ,/;■,•  rrspicl fully  siihmilt,-il, 
(  o  (  .'//(\(-  .  /rv;;//i'. 
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CorHrele   Structure's   built    jt 
Slruc  lural  Members 

mvririiiM^  >ir  1111)11"  >\  (lilt  III-   wliicli  Ikiuih   liiuiia 
iiiiy  at  lartji'  arc  ii>.ii;ill\  acla|>tii|  uitii  ilrli>;lii  1)\   ili.i,v- 
inti-rt'xti'cl  ainl  arc  iiiiiiii<liaiiU    inii-Klir.  il  .i   lilf^^m^, 
'  >tlR'r  rla^«>i«.  ci|  iii\riiii"iiv  an   ;i'        ir<l  1)\   ni.ii'\    willi 
rirlaiii    rt^irvr    wliirli   rii)nJM>  \c   |)|iii.|    f.,   nhj 

inatclv   .iliiaiii  llu    ilf^i!-i<l  rrtML;i         ,i  "ii   ilu    iiuiiitinii 
I'l-  iiiiiinivriiu'iil        \   iliiiil  t  las»   i-  .u\i|pu<I    vmiIi   ,lts 
lin«.|  li\   till'  pnlilh  .  aiiil  i-  imi  o,iuiall\   ,|(1m|i|i<|  mui! 
pf>|>l>'   ail'  nliuaird   1.1   itu    ail\;mt.'.u;>~   I"   I'f   iKriviil 

MmiiI    llu-    illVflltinll. 

Ill  ii;lnii|i'i-iii«4  iii\  nn  -iiii  niMiiiii.n  in  ilu-  |iiililic. 
civil  ciiyiiHtT*  and  ImihiiTs  iikpii-  i-|Hriall\.  I  canu^tiv 
I'l'pi-  iliat  iniiic  iiiav  lie  plai'id  in  tlir  tir>t  rat(.'^"r\. 
ami  l>\  tin-  iiuMi^liitiL;  'it"  llu'  fnll.iu  iii^;  cic-cnVtii  m  In 
plarc  !n\-cit'  IkmiiiiI  i1i.ii1>i   alMi\c  \hv  xa-mihI. 

Ml  civil  lii'^iiu'tTv  aiiil  nllur-  \\liii  arc  iiiirrt>lc(l 
in  llu  r.  iii^tnutinn  .if  (|iia\s,  iHrakwahr--.  ci.icUs, 
wharf-.  vSlJ..  will  ailiiiii  ilial  llir  ii-r  nf  liiiilur  in  »ihli 
work-  Iia>  ah  >  Ihcii  ciui-idinil  an  nii-aii-l'aitnrv 
maki'  -liiit  ail  .  ha-  luni  llirir  (.ariu-i  ctKlcavi  itir, 
Inr  \(ar-  pa'^I.  <lc\i-c  plaiis  I'di-  niakiiiL;-  -iicli  wnrk- 
ol'  a  iHrniaiunt  cliarai-tcr  ami  uliirli  w.miM  ii..i  i-f 
<|uin'  111  lit.-  ivlinilt  rwrv  vil;IiI  m-  uii  war-. 

."^I'lU'  aiicl  1.1  Hunt  lia\('  liccn  ii>ril  -iu\"i'->fiill\  lu 
rrdiu'o  ilu'  ci  1st  (it  ni.iinUtiaiu't'.  Iiut  tln'  jtrim.'irx  d  i-i 
lias  ln'cii  s(i  L;ii'al  ib.it  tin.'  intvnst  cliar^vs  liavr  Initi 
as  tnncli  ;is  tlu-  cdiaiLic  I'nr  repairs  and  niainicnam-i'  on 
a  titnlicr  -inu-luri',  tlivri'l'orc.  sui'lt  unrks  ]iavc  Ixin 
cniisidrftd  alinn-i  pn  iliihitivt  .  and  tlurr  arr  vrrv  ivw 
suoli  Unrks.  built  nf  sti  mr  and  rmu-ntv.  in  tlii-  c.  mn- 
try:  hut  w  Iietv  siioli  i-muTi'U'  unrks  arc  Imili  tltc\  arc 
tisualh  placed  mi  ;i  titiiliiT  siihstrnciurc  \\liiK-  tlic  sn- 
prrstrncturc  is  luiilt  with  rctaiiiiiiL;-  walls  i,f  cniicrctc, 
tilled  lictuccn  the  walls  with  earth  and  slntic  t'llliii;,'- 
t<i  t'liri''  tile  hoflv  (if  the  sirnctnre. 


'I'lu'  t.-ii>l  Ml"  siu-h  ;i  wiirk  nwr  a  similar  uurk,  all 
in  tinilivr  is  almui    j^o  \)x. 

Tlu'  misalislartory  tinilHT  stnu-tiirt'  is  warK  In- 
comin,^  iiiorr  cNiKiisivr  and  difrK-ult  of  c<in>tnictitiii 
(iwiui;-  to  ilic  iiKTia>inj4'  scarcity  of  (limcn-ion  tint 
l)crs  ;  and  the  cxliorhitant  cost  of  permanent  \\ork>  in 
stone  and  cement  i>eini;-  almost  proliijiitive.  it  i>  evi- 
dent that  a  new  de])artm"e  mtist  lie  madi'  in  ilu'  con>- 
tniction  (it  Ra-onal)l\  cliea])  and  ])ermaneni  i|na\>. 
docks,  wharfs,  Mc,  therefore  my  ohject.  in  inttodiu- 
in!^-  hraser's  System  of  L'oncrete  t'riliwork.  uhich  in- 
vention I  liavi'  reci'inly  jiatented  an<l  I  claim  that  m\ 
invention   will   he  hoili  economical  and  in-rmaiun!. 


;: 


Aftir  ))rt'i)arini;-  a  desii^ii  or  plan,  yivini;  specific 
dimensions  of  each  ])iece  or  part,  a  mould  is  made  of 
wooil  or  metal  to  the  desired  lennth  or  form,  and  the 
mould  is  filled  with  concrete  cmiposed  of  ccntc  ni  in 
])roper  proportion  with  sand,  i;-ravel  or  hroken  st.me. 
so  as  to  form  what  may  he  called  the  "' tnemhers.  " 

r>y  so  constrnctiiiL;  the  monlds  these  "  memhers  " 
may  he  dovetailed  oi  'ointed.  like  timhers  :  hok-s  left 
at  the  ])oints  of  contact  I'or  the  insertion  of  iron  pins 
or  rods  of  snfficieiit  sizes  to  well  secure  to.f;ether  ever\- 
])art  of  the  stnictnre  and  to  stand  the  re(|iiired  strain 
accorrlini^r  to  the  class  of  work  re(|uired  :  therefore  the 
inveiuion  cfinsists  in  tlie  princii)le  or  svstem  of  hnild- 
iii.tr  all  kinds  of  crihwork.  form  and  mode  of  constrnc- 
tion  varying:  with  the  circnni.stances  of  the  case  or  tlie 
fancy  of  the  desisTiier.  with  concrete  jiieces  formed, 
jointed  and  framed  like  timher  pieces  used  in  all 
kinds  of  crihwork.  desi.sjned  in  anv  form. 

This  |)rincipk'  or  system  to  he  utilized  in  the  con- 
strnctioii  of  wharfs,  dams,  locks,  drv  d(H\s.  jiiers, 
alnitments,  l)ridy;e  piers,  retainin.i^-  walls  or  crihwork 
snperstrnctures  or  any  other  strnctnro. 

The  concrete  to  ho  nsed  to  form  snch  pieces,  ne- 
cessary for  any  of  the  ahove  mentioned  works,  may 
he  made  of  any  kind  of  cement  mixed  in  satisfactory 
proportions  with  other  materials  and  mav  or  may  not 
be  reinforced  with  metal.  The  cement 'mav  also  he 
used  neat,  that  is  without  the  incorporation  of  anv 
other  material. 


J 


Reinforcement 


Till'  I'uiKTi'tc  iiu'iniKT^  in;i\  rr(|uirr  to  lie  iiiii- 
fnrci'd  hy  iron  l);ir>  lti.-iiii^  iiK'or]>or;ilril  into  tin-  nu'iii- 
bcr  during'  the  process  t>t  ni.innl'.niiirc. 

Ill  the  casi'  of  a  nicinhfr  i  _•  l)\  i  j  iiulu-  -i|ii;n"c 
ami  JO  I'ri't  loiii^',  1  lu'lirvr  that  loiir  rorrnL;atnl  or 
twisti-d  iron  rods,  .',  inch  in  dianictir,  )>laci-d  at  the 
totir  Corners,  ahont  two  inciics  within  the  faco  of  the 
iiienihers.  w<inld  I)e  ainiily  >nfticient  to  L;ive  thmi  all 
tile  rii,;idity  required  for  |)in"]ioM.'s  of  handhni;  and 
puttiiiiT  in  place  and  that  when  in  the  work  their 
strength,  cntshiiiy  and  ten>ile,  will  he  ninch  L;reater 
than  that  of  an\  soft  tiniher  now  einplo\ed  in  hvdraii- 
lic  works. 

Duritii^-  the  i)roce>s  of  nionldini,'  nu'inliers  it  will 
he  necessary  to  attach  sniiken  rini^-holts  or  hooks,  to 
facilitate  the  slinujhiiii^-  into  position  and  thereh\  qiiard 
a^rainst  injnrw 


I'"or  small  or  simple  works  the  moulds  mav  he 
made  of  plaiik  hut  I  helieve  liiat  it  would  he  prefer- 
ahle  from  every  point  of  view  that  thev  should  Ik- 
made  with  channel  iron  as  shown  in  ])late  \o  i.  fi'^. 
4.  Such  moulds  wmild  he  i)erfectly  ri.tjid  and  econf)- 
mical  and  could  he  made  to  aiiv  desired  length,  are 
easily  i)iit  to.i^ether  and  holted  to  ])lace.  then  held 
totrother  hy  iron,  straps  at  the  top  and  screw  holts  at 
the  bottom.  .After  the  concrete  had  set  the  sides  could 
he  removed  and  the  meniher  ])ermitte(l  to  rest  on  the 
hed  until  it  had  become  hard;  the  sides  could  he  used 
on  other  beds  while  the  first   member  was  drvini.;-. 

.\  simple  mould  could  be  utilized  to  form  a  lari:,^' 
number  of  different  styles  of  luenibers.  .Mterations 
inside  the  mould  c<iuld  be  obtained  to  form  notches, 
voids,  dovetails,  \c..  by  inserting:;  wood  or  cast-iron 
blocks  of  the  n(|uired  sliajie  into  the  mould  before 
castinrj. 

To  make  members  twelve  inches  sipiare  and 
twenty  feet  loui;-,  such  iron  mould  would  weiiih  froiu 
1500  to  JOfXi  ])ounds  and  could  he  built  for  sixtv  to 
eifjhty  dollars.  These  beini.;  interchanijeable  could  be 
taken  apart  and  moved  to  other  works  when  re(iiiircd. 


In  a  seasons'  tinic  each  mould  could  be  used  tt) 
form  about  ninety  members  of  ditierent  Icnj^ths  and 
shape. 

My  increasinjj^  the  size  of  the  mould  members  of 
any  size  form  and  length  may  be  built. 

To  avoid  cohesion  between  the  members  and  the 
moulds,  it  will  be  found  necessary  to  ap])ly  on  the  inner 
faces  of  the  mould,  greasy  matter,  or  soft  soap,  before 
casting  each  memlier. 

Economy  in  building 

The  cost  of  l)uilding  cribwork  superstructures  and 
other  works  with  my  system  may  be  reduced  consi- 
deral)ly  below  the  actual  present  cost  of  building  tim- 
ber cribwork  with  stone  tilling,  by  tiling  the  chambers 
with  earth  instead  of  stone  as  is  done,  at  present  with 
timber  work. 

In  such  a  case  it  wmdd  be  advisable  to  build  the 
outer  walls  of  the  work  perfectly  tight  in  order  to 
l)rotect  the  filling  against  the  wash  of  water.  This 
may  be  done  by  jilacing  a  string  of  oakum  or  other 
l)acking  between  the  outer  layers  of  i)ieces.  when 
being  laid  one  on  top  of  the  other. 

Filling  with  earth  can  always  be  done  for  at  least 
i  <jf  the  cost  of  stone  filling,  and  as  the  filling  of  crib- 
work usually  forms  9-10  of  the  bulk  of  the  work,  the 
reduction  in  cost  would  amount  to  33  p.c.  for  9- to  of 
the  bulk:  and  assuming  that  a  portion  (sav  half  the 
height  <^f  the  structure)  of  the  cribbing  were  con- 
structed under  my  system  it  would  cost  less  than 
double  the  price  of  timber  cribbing.  2;c  to  40c,  but 
the  ado])tion  of  earth  for  filling  would  reduce  the  cost 
of  the  whole  work  l)y  nearlv   17  p.c. 

It  may  be  claimed  that  timber  cribwork  in  its  pre- 
sent form  could  also  l)e  filled  with  earth  in  order  to 
reduce  its  first  cost :  but  the  very  fact  that  the  super- 
structure of  timber  cribwork  is  of  a  perishal)le  nature, 
forbitls  tlic  use  of  eartli  for  filling,  as  the  decay  of 
timber  weakens  the  structure,  when  it  is  easilv  da- 
maged by  the  elements,  and  in  that  condition  the 
cribbing  could  not  holrl  the  earth  filling  against  the 
eroding  effects  of  water.  liesides.  earth  filling  would 
accelerate  the  decay  of  the  face  timbers  of  super- 
structures. 


The  savinjT  in  coiistructiini.  as  ahovc  staled,  would 
be  more  tlian  sufticietit  U)  pave  the  whole  work  with 
sti.nc  blocks,  it  so  desired,  after  the  tiiliii},^  had  fully 
settled  or  packed,  ensuring  permanency  of  every  por- 
tion <jf  the  work. 

It  may  appear,  at  first  sight,  to  some,  that  the 
substitutinn  of  stone  for  earth,  for  tilling  ur  ballasting 
cril)work,  would  reduce  the  weight  of  a  structure, 
thereby  endangering  its  stability  if  the  work  be  ex- 
l^osed  to  storms,  or  to  i)ressure  (jf  any  kind,  unless  its 
bulk  be  increased  to  meet  the  deticiencv. 

J'oll(juing  is  the  average  weight  of  a  cubic  fo^.i 
ot  any  material  that  may  be  used  for  tilling: 

i!ouldir>.  from  \  to  .^  ft.  in  dia..  mixeil  loo  to  uo  llis 

Clay,  moderately  i)acked loo  to  no  " 

Eartli.  common  loam.  wet. well  |)ressed  iio  to  \2o  " 

C.neiss.  run  of  (piarry  up  to  4  ft.  dia.  (;i)  to  loo  " 

(".ravel  or  sand,  moist 115  to  130  " 

Limestone,  (juarried  in  irregular  frag- 

nuins (JO  to  100  " 

-Mud.  wet.  moderately  pressed.    .    .    .  1  lo  to  130  '" 

b'r. .m  the  above  it  may  be  seen  that  gravel  or 
sand,  earth,  nuid  and  clay  weigh  gencrallv  more  than 
the  ordinary  stone  balla:it  on  accoiuu  of  the  large 
voids  that  are  unavoidable  in  the  latter. 

l\arth  would  fonu  a  very  compact  filling  giving 
a  degree  of  elasticity  that  would  ha\  e  the  effect  of 
deadening  any  blow  the  structure  might  receive. 

Under  this  system  of  cribwork  also,  the  substitu- 
tion of  timber  pieces  for  concrete  members  in  the  su- 
))erstructure  adds  considerably  to  the  weight  of  the 
structure  and  hel])s  to  ])ermit  of  the  use  of  other  ma- 
terials for  tilling  even  lighter  than  those  above  named, 
such  as.  ashes,  bn^ken  brick.  &c. 

Tf  stone  filling  is  adhered  to.  the  bulk  of  tlie 
work  would  cost  about  i  ■,'  ]).c.  over  present  C(tst  of 
timber  cribwork. 


Concrete  Piles 


I  may  here  say  that  concrete  is  rapidly  taking  the 
place  of  timber  and  even  of  masonry  in  a  number  and 
different  classes  of  works,  and  so  far  this  material 
lias  proved  a  success  lu^th   from  a  ])oint  of  strength. 


(luralnlitv  ;incl  I'l'un.  iin,  wIkti'  tlu'  t-orroct  nutli'-il  of 
(.■(iiistnu-tii)ii  li;i>  Ihth  a|)|)li(.(l  lo  ;i  |iarti(.'ul;ir  \\i>rk. 
I'rohabh  i>uv  ni  the  lalt>t  tiuTnai'linu'iU>.  ut  ihikti'Ic 
I'll  tinihcr.  i<  the  use  "f  llial  matirial  lUr  I'lninini; 
piles  fur  t'oiniilatii.ns.  <K-c.  W'l'  ai\'  infoniu'il  li\  m,uii- 
lifk-  ])ul)lioati<)iis  that  vcrx  >r\xTi'  tf-ts  v.iTr  niailo  re 
cciitly,  ill  (iernian\,  with  jiile^  >ii  13  t\tt  in  liiii^tli  and 
not  (|uiti'  a  tout  in  ilinicnsion  1)\  ilrivini^  tlirin  into 
tirin  j^nmnd.  with  a  hammer  weii^liinn  4.110(1  !li^.  after 
which  tliey  were  taken  out  and  redriveii  four  limes 
in  succession  without  in  any  way  daiuajLjiny-  the  head> 
or  any  otlier  ])arts  of  thtiu.  'l"lii>  re|)t.'ated  driving; 
having  tlierehy  i)roveii.  tliat  well  m;ide  reinforced  con- 
crete i)iles  can  stand  even  more  ahuse  than  'imiier 
piles,  which  certainly  would  have  heeii  split  on  the 
second  driviuLT.  not  to  speak  of  the  sj^reatlv  increased 
load  these  |)iles  will  carr\  in  excess  of  timher  ])iles. 
The  experience  so  far  yarned  hy  ens^jineers.  in  maisint^ 
and  driviiijLj  piles  of  concrete,  is  a  convinciui;-  |>roof 
that  these  offer  many  advaiua,t;"es,  can  he  chea])lv  made 
and  will,  in  the  near  future,  he  used  extensiveh.  Thev 
have  alread\  heen  utilized  to  huild  foundation^  for 
larf,^'  puhlic  huildin.ys  in  the  I'nited  States  and  l".u 
rope,  where  solid  ;^round  was  encomUered  oniv  at 
jj^roat  depths. 

I  may  he  allowed  here  to  remark  that  if  i)iles  can 
he  put  into  a  work  in  such  a  satisfactory  condition. 
there  caintot  he  any  donht  in  the  facility  that  will  cer- 
tainly he  ex|)erienccd  in  ])uttin<:^  concrete  memhers 
toj^-ether  to  huild  crihwork  in  |)lacc. 

Combined  timber  and 
Concrete 


In  my  systeiu  the  use  of  two  distinct  or  differeiu 
materials  is  i)ermissahle,  the  lower  portion  of  the  crih- 
work, which  is  constantly  suhiuer^tjed,  mav  he  com- 
posed of  timhers,  while  the  U])])er  i)ortion  or  >u])er- 
structure  is  formed  of  concrete  memhers  havinsi'  the 
ireneral  shajie  of  tiiuhers.  Tiiese  latter  memhers,  or 
"timhers"  as  they  may  he  termed,  are  molded,  as 
already  dcscrihed,  hefore  heinsi^  jjlaced  in  ])osition. 
The  lower  or  limher  ])ortion  ])ro])er  will  he  so  treated 


;i>  regard-  ^;al)i- 

Wfll    klltiUll    1>\     tlli'^i,'    whn 


as  to  ri'iidrr  it  iipiof  aL;aiiisi  the  attack  i>i  the  t'ii\ili> 
(  wIu'H  siihnuTi^n'd  in  salt  watrr).  nr  (iiIkt  niariiu  iil'i'. 
As  will  \)i-  w;u\\\\  ^(vn.  tlic  sii|iiT-inu-tiu\ 
(it  tlir  niatrrial  ni  \\liii-li  it  !■-  Ccnipn-n 
ai^aiiist  till'  attack  n\  tin-  limiiMria,  aii<l 
crihwurk  i^  tlni>  |h  niiaiicnllv  jirotccicd.  I'lin'ur- 
iiiitrc.  the  WMiidon  suljstntctinv  hriiii;  i-i>iisianil\  -iih- 
nii'rm.'d  i<  never  I'xiiused  to  the  air.  whicli  d  iiii;i;!"ii 
also  tends  t(i  pnili  m^  its  ht'e. 

The  ad\antaj;i's  derivi'd  I'rnni  the  iinplnv  n\ni  of 
a  structure  of  this  character  are  nian\.  hoth  from 
tlie  constructor's  point  of  vu'w  au( 
h'ty  and  filtration.  It  i 
haw  had  e\])erienc(.'  in  the  construction  of  criliwork. 
first;  that  tiniluT  of  ditVi'rent  kinds  is  tlu'  onI\  ma- 
terial which,  u]>  to  the  present  time,  has  hein  success- 
fully lUilized  in  the  construction  of  crihwork:  second: 
that  crihwork  composi'd  of  timhers  is  p<.risli:>Me, 
havin}4'  onl\  :>hort  duration  when  e\)iosed  to  ilu' 
weather,  and  re(|uirin!j^  tiii'  reconstruction  of  iis  ^u- 
l)erstructure  ahout  every  eit^ht  years:  third:  that  fre- 
(|uently  the  timhers  comjxisin,!,,^  the  exterior  sr.rface  of 
the  hody  of  the  crihwork  do  not  otVer  sufticieiit  re- 
sistance to  the  elements  esix-cially  after  heiu!.;  weaki-n- 
ed  hy  decay,  and  the  structure  is  often  damaged  !>v 
movinj^  ice-lloes  and  from  other  c:iiises  :  and  fourth: 
that  crihwork  huilt  in  salt  water  is  exposed,  in  son.e 
localities  to  destructive  worms  which  attaci<  llie 
foundation  of  the  structure  and  viry  often  causi  its 
partial  or  total  colla])se 

The  most  active  of  these  worms  are  the  toredo 
nevalis  and  the  limnoria  tenehrans:  the  former  at- 
tacks all  kinds  of  natural  timher  snhmer<;ed,  while 
the  latter  attacks  only  the  timher  l\in};-  hetween  hiL;h 
water  and  a  foot  or  so  helow   low    water, 

I'.ven  where  creosoted  timher  has  heen  used  in 
superstructtires  to  counteract  tiie  d"structiveMes>  ■){ 
these  worms,  it   is  not  expected  to  i    the  destruc- 

tion hy  the  elements  for  more  than  ive  vears.  The 

cost  of  this  material  in  the  wurk  is  .neneralK   0;  cents 
])er  cubic  foot, 

r>y  the  use  of  the  system  which  1  have  devi-id, 
the  a!)ove  ohjections  to  crihwf^rk,  as  at  present  con- 
structed, are  pratically  overcome.  The  suhstitmi m  of 
concrete   memhers   in   the   superstructure,    in    ))lace   of 


i.nliiiarv  tiinlRT  lK'i\t<.f<>iX'  I'lnpltncd,  insurer  a  \k-y- 
niancnt  criliwork,  and  repairs  will  lun  i)c  rc(|iiircil  un- 
less till-  striK-tiuv  sliuuld  hcjumc  accidciually  daniaj^ 
c'd  Jn  cast-  of  injury  hy  accident,  the  su|)cr>tructure 
inav  1)0  as  easily  repaired  as  tiinlier  crihunrk.  The 
liuplovnient  of  concrete  to  form  the  diffetTreiit  pieces 
of  till'  superstructure  renders  tlie  crihwork  >nfticiently 
strong-  to  withstand  the  destructive  seas,  and  the  pres- 
sure and  eroditi)^  effects  of  ice-tlocs,  and  woul<l  he 
free  from  the  attacks  of  worms. 

L'nder  mv  |)resent  invention  the  suhslructure  may 
he  >iarted  and  l)uilt  afloat  for  half  of  its  hei^du,  more 
or  less,  with  timhers  which  have  heeii  creosoled  ur 
ireate  1  in  an\  other  desired  manner  or  other  timhers. 
The  concrete  i)ieces  may  thei  he  put  in  i)iace  uruil 
the  timher  ])ortion  or  suhslructure  has  almost  lost  its 
huovancv.  at  which  time  the  crihwork  may  he  set  in 
jxisition  hv  addin.i;'  more  concrete  pieces,  (if  then 
fonml  hiti^li  enouj^h  to  reach  the  surface  of  the  water 
after  it  has  heen  sunk  to  the  hottom. )  This  method 
of  sinkin.n'  ohviates  the  necessity  of  pilinj;-  stones  on 
top  .'f  a  crih  to  set  it  in  position. 

If  ii  he  found  that  the  timher  utilized  does  not 
providi.'  sufficient  huoy-'uiey  to  permit  of  the  construc- 
tion of  the  concrete  work  to  the  reciuired  heij^ht  or  to 
hrinj^  the  structure  s.ifticiently  hiji^h  out  of  water  after 
touching;-  the  hottom.  the  crihwork  may  l>e  lield  up  h' 
the  use  of  scows  or  the  like  until  the  desired  heijijht 
has  lieeii  reached,  when  the  whole  structure,  lojjether 
with  the  scows,  can  he  sunk.  The  scows  will,  of 
course,  afterwards  he  floated. 

This  method  rendeis  the  work  of  startin<i-  tlie 
permanent  construction  under  low  water  ver\  easy, 
and  economical  which  is  not  usually  the  case,  espe- 
ciallv  in  coimection  with  the  construction  of  concrete 
retaining;  walls,  as  i«  is  difficult  and  o\|)ensive  to  pre- 
])ar(        foundation   for  surh  work  under  the  water. 

\\  here  the  suhslructure  is  not  su'  .^vted  to  the 
attack  of  worms,  that  portion  of  the  crihwork  may  he 
composed  of  timher  in  its  natural  slate,  for.  as  is  well 
known,  wood  which  is  constantly  suhmerj^ed  is  not 
perisliahle.  .\ijain.  the  interior  of  the  superstruc- 
ture may  he  huilt  i)artly  of  uiUreated  timher.  es])e- 
cially  if  the  chamhers  of  the  crihwork  are  to  he  filled 
with  earth,  which  will  have  the  effect  of  I)uryin<i^  the 


) 


timbers   and    insuriiiK'   their    pressirvatitjii.      'riK    u>c 
of  this  earth  filliii},'  is  ])ractical  r>   --rards  hnlh  per- 
manence and  e'.onomv.  hnt   as  aire......    stated   it  (."in- 

not    l>e   enii)l()yed   to   fill   crihwork   composed   entirely 
of  timhcr. 

'Pin-  necessity  for  the  nse  of  coffer-dams  and  the 
like  is  ohviated  by  my  invention. 

in  the  case  of  retainin},'-\valls  this  system  of  con- 
crete crihwork  can  he  adopted  with  j,'reat  a.lvantaKe 
an  1  at  a  considerable  rednction  in  cost.  Kct  linint,'- 
wals  uf  a  i)ernianent  natnre  are  generally  Imilt  of 
heavy  masonry,  or  of  monolithic  concrete,  recpiirini^ 
an  artificial  fonndation  if  laid  on  soft  material.  The 
same  mav  be  said  of  heavy  lock-walls  formins.:  t'.e 
chamber  of  a  lock,  and  applies  e(|ually  as  well  to  dry- 
dock-walls,  abutments  of  bridi,a's.  breakwaters,  jetties. 
.-md  the  like.  In  tidal  water  it  is  difficult  to  build 
concrete  in  place,  as  the  constant  risinj;  of  the  tide 
washes  away  a  portion  of  the  cement  before  the  con- 
crete is  set.  Resides  this,  the  lar^c  and  expensive 
molds  required  for  such  works  are  in  constant  d.in- 
ger  of  beinp;  damaged  by  the  waves,  ships,  etc..  while 
under  mv  system  no  such  moulds  are  required  in  ex- 
posed places,  as  all  i)arts  are  formed  in  moulds  ui)on 
the  land  or  upon  barjjes  or  vessels  especially  desiiijned 
for  this  ])urpose.  This  process  also  allows  a  ri^id  ins- 
pection of  each  member  to  be  made,  if  desired.  1  -.-f.  >re 
allowinjf  them  U)  be  ])laced  into  the  work. 

The  invention  is  somewhat  illustrated  in  tlu-  ac- 
companying; i)laics.  in  vvhich  : 

FMate  Xo  i.  h'i}:;.  :  represents  a  cross-section  of 
the  combined  timber  and  concrete  memliers.  framed 
in  one  particular  style  of  o])en-faced  crihwork,  and 
the  mode  of  attachment  of  *he  members  and  the 
shealhinjT  on  one  face  of  the  -vork. 

V\^.  2.  is  a  ])lan  of  this       bw   rk  rei)resentinr,''  the 
joininfjs. 

Fijf  3.  rejiresents  one  method  of  interlocking; 
members  . 

VV^.  4  is  a  section  of  a  mould,  made  f)f  standards 
channels,  to  cast  the  "  members  "  with. 

Plate  Xo  2. — Fig-,  i  represents  a  crosse-section  of 
the  combined  timber  .nnd  concrete  members,  framed 
in  another  particular  style  of  close-faced  crihwork 
with  the  combined  use  of  timber  and  concrete  r-cm- 

r; 


Iici-    in    tlir   vupiTsinu'tMrr.   ;in<l    tin.'   iiichU    i>\    ;ilt;ult 
11114   li"ri/<iiita!   UinKr^  nil  niic   I'acr.     'I'lii'-  liyiirc  al>" 
>Ii'i\\'  a  ci'viTitit^  <it  sfcpiu'  1)1ikU^  wliicli  I'aii  In-  ia>il\ 
liiiih   Ii\    tlk'  saviiiL;   inaiU'  in  llu'  Nuli^tiintinn  nl'  larili 
tiliiuLi  ni  ])laci-  I't'  xtmu-. 

liy.  J  i>  pari  "I   an  lU-vatimi  i<\   -\w]\   \\i>v\ 
'''.5-:-   .?  iv])rrM'nl>  llu-  nU'iiiMcl   ,,\    ,]■  vM.iiIhil;  aii'l 
ji lining;  tlic  iiunilnTx. 

riritr  .V — ''"'■-;■  '  ri.'pri-'iiit^  a  rri(>>->ii'tii  iii  nl'  tlic 
coniliimij  tiinhiT  and  n'lu-rrlr  nuiiilKrs  traiiuii  in 
still  ani'tl'rr  >tyli-  nf  i-!i>st'-t'aci'(l  crihwoik  with  tlu' 
lit   liniluT  and  ii  miTiti.'  nu'inluT-.  in  tbr 
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iit    llH'  (.'U'vatKiii    III    this   class   (,| 
I   iik'thnd    111'   riinl'iiroiniJ     thr 


and    iiiiiiiii''   (il 


im'nihiTs 

l'*i;^-.  4   ri'i)ivs(.nts   tlu'   dnvitailint 
sni-l)  nu'tnlnTs. 

!n  tlualMivc  drsi .  il  i- I  plati's  Utter  "  (.' "  d^ndtcs 
llif  oniHTrti'  nu'iiilaTs  which  as  already  stated  are 
I'lirnu  i  in  nnuilds.  at  a  pniiit  leniute  I'rnm  the  erih- 
wnrk:  letter  "  D"  represents  an  npeiiins;  at  the  pnint, 
will  re  the  varifins  niemhers  and  tinihers  inlerseei  and 
uhieli  openiiij^-  is  t«i  he  tilled  wi;h  ^rn\n  hefore  the  in- 
troductimi  of  the  iri.n  rods  '"  !',  "  and  letter  "  K  "  re- 
presents the  chamhers  of  the  crihworK  to  he  filled 
with  e;irth  or  stone  as  may  he  desired. 

The  particular  composition  of  the  concrete  em- 
j)l'iyed  and  its  rcinforceim  nt  is  immaterial  so  long;  as 
the  re-ultiii';^  meuiher  is  stifticiently  stable  for  the  pur- 
pose in  view.  .\,t,'ain.  the  i)articular  form  or  contour 
of  the  memhers  is  immaterial,  it  hein<>-  oniv  tieccssarv 
that  they  he  capable  of  hoin,i;  readily  liandled  and  as- 
sembled. It  is,  of  course,  cssetitial  that  the  nieml)ers 
he  so  formed  that  they  may  he  securely  fastened  to- 
L-^ether.  as  well  as  to  the  substructure  and  with  this 
end  in  view  they  are  niJtched  or  recessed,  or  prepared 
in  any  other  suitable  manner,  this  hein}.^  merelv  a 
matter  of  detail  of  construction.  r>y  preference  each 
lueml'jr,  and  the  receivins;  top  timbers  of  the  sul)- 
structure,  will  he  provided  with  an  opening,  at  the 
points  where  the  various  memhers  and  timbers  in- 
tersect, and  iron  rods  passed  down  into  these  open- 
II 


li 


fcr 


< 


Ill-ill-  Mil.>.«.|tuiii'\  lilicl  \\,ili  -mui.  \ii\  (iilirr 
Miit;ili!r  ;irr;iin;riiuiit  m;i\.  n\  imir-c  iu  a(|M|.tc,l  |,,r 
trxiii;,'  til.    wIimIi-  ".tnu'turc  iumtlur. 

it  iK-iiT<l,  ilu'  suiKi-t  nut  lire  iii;i\  lie  ^Iic.uIk,! 
■  I-  i.t.>!tM;il  In  uihKrv  nri-M-  luiii-  i\,niii'(l  in  th, 
•  'UliT  i.Kis  ui'  ill,  i-(Mu>iii-  iiiiiiilicrs  in  till'  pr.K-s^  ,,i' 
m.  Mill-.  i,.r  ijic  rcipii.  ii  <,i  \uM-  uiiicli  ;iiv  smiiril 
tlnTiin  li\  iiiiK'iit  or  ilu-  like,  'riu'  >lu;itliinL;  >  t 
Uiidr!--  arr  ill  tnni  i. 
bolts. 


Ill'    smiri-i'i     ill    plan    li\    liir 


Conclusion 


In  prrM'iitiii-  ilu'  aliwvi  ilisrription  i.f  nu  jnvrii- 
lioii  t-.  llu'  piiMio.  I  liavr  IK.  Invitation  in  Mating  lliaf 
all  in\  i-laiiiis  an-  na^onalilr  ami  wlun  adopin!  l,v 
civil  i'n;.;iiU'iTs.  hiiil.U-is  ami  oiIut-  will  |iio\c  a  i.;ivat 
ItriH'tit  lo  tlu'  piihlii-. 

All  a<lniit  thai  coiuTcti'  is  now  hi'in;,^  i\tiii--ivrl\ 
u>fil  >ati>t'ai.-tonl\  for  dirViTcnt  piir)  .so,  what  oh'- 
jcclioii  is  iJKTi'  to  it>  innlur  iisr  Ity  ca^iiiii.;  iiic!nl)cT> 
in  111.  iiMs  to  tin.'  (Ii'vind  form  or  rhiiuiNion  and 
phi.-in:;-  thcin  in  tlu-  work  a>  \oii  would  a  pira-  of 
timlHr' 

ri  (•  small  (niantitv  of  oom-ri't.-  iisid  jn  forming 
tin  r  moiiihcTs,  to  (.•onstnict  a  skik'loii  franu'.  is  uii^ 
iionhtrdly  clieapor  tiian  a  work  of  likr  diiiu-iisioii 
hiiilt  ot   solid  coiKTt'tr. 

if  >tom'  tillin-;  he  Used  in  tlu'  crihwork  Imilt  with 
ci  iicrtti'  iiH'inhfrs.  I  admit  the  priinarv  cost  will  he 
siHifuhat  more  than  for  ordinary  timlier  work  simi- 
larly filled,  hut  the  ultimate  cost  after  lo  vears  ser- 
vice will  he  less:  if  earth  tillinj,^  he  s  ihstiuued  for 
sti  lie  tlie  primary  est  of  a  work  will  he  17  p.c..  less 
and  more  in  a  luimher  of  cases. 

1  further  claim  that  my  invention  will  in  a  short 
space  of  ;ime.  he  used  for  almost  all  kinds  of  fram- 
ing- where  heavy  tim'iers  are  now  used. 

Rcsi)ectfullv  suhmitted. 


Ottawa,  31st.  Janu;<ry  1904. 


J.   W.    FR.XSER, 
.\.  M.  Can.  Soc.  C.R. 
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